Summary: POAVIZ creates a visualization of a multiple sequence alignment that makes clear the overall structure of how sequences match and diverge in the alignment. POAVIZ can construct visualizations from any multiple sequence alignment source (e.g. PIR and CLUSTAL formats), and is valuable for revealing complex branching structure (such as domains, large-scale insertions / deletions or recombinations), especially in partnership with the Partial Order Alignment (POA) multiple sequence alignment program. Availability: The Partial Order multiple sequence Alignment Visualizer (POAVIZ) program is available at http:// www.bioinformatics.ucla.edu/poa. Contact: leec@mbi.ucla.edu.
INTRODUCTION
The traditional row-column multiple sequence alignment (RC-MSA) format represents each sequence as a row and each set of aligned residues as a column. This format conveniently shows the evolutionary changes in biological sequences that result from single residue substitutions, insertions and deletions. It is easily viewed in a simple text editor or many existing graphical interfaces, and is quite adequate for studying the relationships between recently diverged sequences that are homologous over their complete length. However, recent genome and proteome projects have fueled interest in aligning and exploring the relationships between complex biological sequences whose multiple sequence alignments often contain both large internal insertions and long terminal extensions (Lecompte et al., 2001) . While valuable tools for visualizing and analyzing multiple sequence alignments have been developed (Corpet et al., 1999) , the structure of such complex and large-scale changes is often difficult to see within the details of the traditional RC-MSA format. * To whom correspondence should be addressed.
Graph algorithms and visualization techniques provide a powerful approach to this problem. We recently described the Partial Order Multiple Sequence Alignment (PO-MSA) format, which represents a multiple sequence alignment as a directed acyclic graph, along with an algorithm for Partial Order multiple sequence Alignment (POA) (Lee et al., 2002) . Based on this approach, we have developed a tool for visualizing the overall structure of a complex multiple sequence alignment, the Partial Order multiple sequence Alignment Visualizer (POAVIZ) . Figure 1a shows a visualization generated automatically by POAVIZ, from an SH2 protein family alignment, which reveals a series of branchings that correspond directly to the domain structure of these proteins as annotated by SwissProt (Fig. 1b) (Bairoch and Apweiler, 1998) .
ALGORITHM

Visualization layout
Initially, POAVIZ represents an input multiple sequence alignment as an RC-MSA table, in which each sequence has an index from 1 to N S (the total number of sequences) and each residue has an index from 1 to N C (the total number of columns). The set of columns is then partitioned into segments, which correspond to maximal unbranched portions of the PO-MSA representation of the input: two columns belong to the same segment, if (1) they contain residues from exactly the same set of sequences, and (2) every column between them contains residues from exactly this same set. The segments are then connected to one another by edges, which are inherited from the individual sequences: specifically, two segments are connected by an edge if (1) both segments contain residues from a given sequence, and (2) no other column between them contains a residue from that sequence.
Next, these segments and edges are represented graphically. POAVIZ assigns each sequence a unique color. Each segment, described above, is displayed as a horizontal rectangle containing one or more colored solid lines, representing the sequences it contains. The length of a segment is given by the number of columns it contains, while each edge, connecting two segments, is displayed as a dotted line, which is colored according to the individual sequence it represents.
Finally, the graphical elements are positioned. POAVIZ gives each segment an x-coordinate equal to the average index of the columns it contains, and a y-coordinate equal to the index of one of its contained sequences. This convention guarantees that no segments overlap. Ordinarily, this y-coordinate is chosen to be near the average of the indices of all of the contained sequences. Alternatively, the user may specify that a particular sequence be kept straight, in which case that sequence's index will be selected whenever possible. POAVIZ then performs a single pass from left to right through the alignment, adjusting the x-coordinates so that each segment is placed as far to the left as it can be without coming too close to its neighbors. This improves the overall presentation.
Performance
The POAVIZ algorithm is linear in the size of the input. As long as the multiple sequence alignment can be stored in the free memory available to the program, it can be visualized. For instance, running the POAVIZ program in conjunction with the Mathematica notebook on a 400 MHz Macintosh G4 to visualize a CLUSTAL formatted multiple sequence alignment containing 3 967 protein sequences and 8 472 columns took 18 minutes and used 64 Mb of internal memory.
Complexity reduction POAVIZ offers several options for simplifying and filtering the visualization. The user can choose to show only a specified subset of the sequences in the alignment. Alternatively, POA can be used to perform heaviest bundling analysis, to reduce the MSA to the minimum number of consensus sequences needed to cover all the branches in the alignment (Lee, 2003) , and then POAVIZ can be used to display only these consensus sequences. Finally, the appearance of short insertions and deletions can be suppressed through a user-selected 'smoothness' level. With this option, segments are allowed to contain a small number of columns whose sequence set differs from that of the overall segment, e.g. through a single-character insertion or deletion in an otherwise gapless alignment. This reveals higher-level alignment structure, by hiding the small-scale, single-residue details.
IMPLEMENTATION
The POAVIZ program was written in C. It takes as input a CLUSTAL, PIR or PO file, and outputs x-and ycoordinates for the sequence segments, which can be visualized with a variety of programs. We have provided two programs for displaying the output: a CGI interface in Perl, which can be run on any web server, generates simple GIFs of the POAVIZ output for display in a web browser; and a Mathematica notebook, which can be run locally in Mathematica, generates visualizations of the POAVIZ output interactively. POA, POAVIZ and the CGI and Mathematica interfaces can all be downloaded from http:// www.bioinformatics.ucla.edu/poa; alternatively, users can paste their sequences or alignments into the web page form to run POAVIZ online from our server.
